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Introduction
• The white cells of the blood exercise their main function in body tissues. Therefore, it is to be expected that in the microcirculation,
MONOCYTES AND BASOPHILIC GRANULOCYTES
of other leukocytes were not altered. Basophils and tissue mast cells carry on their specific granules heparin and histamine in a loose bond. 8 Cells which were recovered from blood and tissue near the site of a migraine headache showed a partial loss of these granules. 4 ' n These findings and alterations in the thromboelastogram at the end of a migraine headache 0 suggested that heparin was being released during the attacks. It is generally held that migraine is of vasomotor origin and that the changes in vessel tonus which precede and accompany the headache phase are not limited to the epicranial vascular tree but also affect cerebral blood flow.
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Recently Correll 11 ' 12 has demonstrated in cats and dogs during electrical stimulation of certain deep brain structures an increase in plasma lipids and a shortening of whole blood coagulation time. This "antiheparin factor" is apparently produced in the brain itself.
For these reasons it appeared worthwhile to study the economy of basophilic leukocytes in the cranial circulation of patients with certain organic cerebral disorders.
Subjects and Methods
The studies are based on the examination of 30 patients (16 men and 14 women) with organic cerebral lesions, and ten normal subjects (five men and five women). The patients were from 30 to 74 years old, with an average age of 56 years. The control subjects, physicians and nurses, were from 35 to 72 years old, with an average age of 54 years. In the majority of the older patients, the brain lesions were of long standing and had led to various degrees of mental deterioration. Twelve patients experienced during the period of observation acute cerebral ischemic episodes resulting in attacks of varying severity, from hemiplegia to transient syncopes and weakness. 18 In two subjects a single cerebrovascular episode occurred without persistent neurological deficit.
The underlying illnesses were arteriosclerosis, syphilis, cerebral trauma including prefrontal lobotomy, and organic brain syndrome on the basis of alcoholic deterioration. In five patients the cause of the brain damage was unknown. Transient ischemic attacks occurred in two. Ten patients had convulsive seizures.
Fourteen patients had multifocal or diffuse brain lesions involving both hemispheres. The disease was manifested in these patients either by bilateral neurological signs or by a general reduction in brain function or by both. EEGs were normal in seven, while seven showed diffuse abnormalities with a unilateral focus in one.
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In 16 patients the neurological deficits were confined to one side of the body. Eight showed in the EEG unilateral focal or diffuse abnormalities such as slowing or sharp spikes and waves in the brain area which corresponded to the clinical neurological findings. In three patients the EEG was diffusely abnormal, with no asymmetry, and in five it was normal (table 1) .
Diagnosis was based in all patients on repeated neurological, laboratory, radiological, and electroencephalographical examinations. In a limited number of patients echoencephalograms, brain scans, and carotid arteriograms were performed.
No patients with a diagnosed extracerebral occlusion of a carotid artery were included.
Blood samples were taken repeatedly from both ear lobes in all 30 patients and once in the ten controls.* In 16 patients and four controls, blood also was obtained from a finger puncture.
Blood was taken in seven patients from both the internal and external jugular veins, in one patient from the internal vein, and in another from die external jugular vein. In these nine patients (five with bilateral and four with onesided lesions) blood samples were also taken from the ear lobes and a finger.
Capillary blood samples were obtained from 4-mm-deep stab wounds made with a disposable lancet. The first two drops were discarded. 16 *ln the present investigation an attempt was made to determine whether changes in the composition of cerebral blood could be found in blood taken from the ear lobes. The validity of the results from such a procedure depends upon the existence of functioning connections between the cerebral and epicranial blood supply. The major pathways for collateral cerebral circulation are the circle of Willis, the communicating branches between the anterior, middle, and posterior cerebral arteries, and the major branches of the vertebral-basilar system. The latter can communicate with each other and with the carotid system. 14 . 1B In addition, there are in the cranial arterial circulation many free, though small, anastomoses between the internal and external carotid arteries. The intracranial venous system possesses still more numerous communications with epicranial pathways. Prominent among these are the emissary and the diploic veins which form constant connections between the intracranial and epicranial venous circulation. Blood from the region of the outer ear is drained by three veins. The superficial temporal and the anterior auricular veins are branches of the internal jugular vein. They receive blood from the inside of the skull through the parietal emissary vein which comes from the superior sagittal sinus and perforates the skull in the foramen parietale. Behind the ear descends the posterior auricular vein which empties into the external jugular vein. It is supplied with intracranial blood from the sigmoid sinus through the mastoid emissary vein which passes through the mastoid foramen. , within one chamber of both slides. The number of cells was divided by four and multiplied by 50. All 16 mm 3 of diluted blood were searched for basophils. The resulting sum was divided by eight (the number of chambers) and multiplied by five to obtain the basophil count per mm 3 . Blood slides were stained with WrightGiemsa for white cell differential counts. For these, 200 white cells were differentiated with the exception of basophils, for which 1,000 white cells were examined. Additional slides were stained with Undritz' modification of the GrahamKnoll technique for peroxidase in monocytes. 17 The maturity of basophils was determined by the position of their specific granules with a method previously described. 18 In patients who had acute cerebrovascular episodes during the time of observation, blood samples were taken as early as one-half hour after the onset of the attack and repeated several times during the next 12 months. In patients with stationary or slowly progressing brain defects, examinations were made at approximately threemonth intervals.
Comparison of samples from the two ear lobes was made on the following basis: in controls, right and left side of the head; in bilateral lesions, major and minor focal side; in one-sided lesions, focal and opposite side.
Ten patients received intravenous injections of 5,000 units of heparin. Blood was drawn before
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and 30 minutes and 24 hours after each injection. Thereafter, blood samples were taken at weekly intervals.
For statistical analysis, nonparametric tests were used.
Results

COMPARISON OF THE WHITE BLOOD CELL PICTURES IN SAMPLES FROM INTRACRANIAL AND EXTRACRANIAL SOURCES
In nine patients, five with one-sided and four with bilateral organic brain lesions, the results of white cell counts from internal and external jugular veins and ear lobes were compared with each other and also with blood from a finger puncture.
Average-of-sides valuts
The number of leukocytes per mm 3 of blood and the proportion of neutrophils, lymphocytes, monocytes, and eosinophils were not significantly different when blood from a finger was compared with samples from the two ear lobes and the external and the internal jugular veins; nor did the internal and external jugular veins differ from each other in these parameters.
On the other hand, blood from the internal jugular veins carried fewer basophils than did blood from a finger, both ear lobes, or both external jugular veins, whereas the external jugular veins contained more basophils than did the ear lobes but were not significantly different from finger blood (table   2) . The proportion of young basophils (band forms, and metamyelocytes per 100 basophils) was the same in blood from ear lobes and from a finger. Internal and external jugular vein blood had fewer young basophils than did ear lobe and finger blood, but their number was too small for statistical evaluation.
Side-related differences In basophil distribution
In eight patients the difference in basophil levels between the two sides of the head was compared between ear lobes and internal jugular veins on one hand and ear lobes and external jugular veins on the other. If a patient had more (or fewer) basophils in the ear lobe as well as in a jugular vein of the same side, the results were considered as being concordant. Concordance was found to exist between internal jugular vein and ear lobe in seven of eight patients and between external jugular vein and ear lobe in one of eight patients. The difference between internal and external jugular veins was significant by the Fisher Exact test (p = 0.005).
The average size of the bias in basophil levels was 25% between the two internal jugular veins, 9% between the two external jugular veins, and 17% between the two ear lobes.
From these results it was concluded that changes in the white cell composition of intracranial venous blood would be reflected in samples from the ear lobes. •lati 
THE WHITE BLOOD CELL PICTURE IN BLOOD FROM EAR LOBES
The three populations-patients with bilateral brain disorders, patients with one-sided cerebral lesions, and normal control subjectswere compared with regard to the distribution of white cells in samples from the two ear lobes.
Avorase-of-ilden values (fable 3)
No significant differences were found between controls and either group of patients nor between the two patient populations in the total white cell, the neutrophil, and the eosinophil counts. Patients with lesions in both hemispheres had fewer basophils (p = 0.05) and monocy tes (p < 0.01) and more lymphocytes (p < 0.02) than did the controls. Between the two patient groups no difference existed in the average-of-sides counts from the ear lobes in monocyte, basophil, and lymphocyte values.
Sldo-relotod distribution (table 4)
Normal control subjects showed no significant differences in the total white cell, basophil, and differential counts between the right and left side of the head.
In patients with bilateral brain lesions the total white cell, basophil, and differential counts on the side of the presumed major focus were not significantly different from those on the side with the minor lesion.
In patients with unilateral brain lesions the total white cell count was not different from that on the opposite side. Also neutrophils, lymphocytes, and eosinophils showed no significant side-related differences.
The monocyte count of 12 patients with one-sided lesions showed, after a recent unilateral cerebrovascular attack, a significant bias between the two sides. There were more than twice as many monocytes on the focal as on the opposite side. The side-related difference disappeared after an average of two months following the cerebrovascular episode.
Basophil values in all 16 patients were significantly lower on the side of the lesion. The bias was strongest ( 4 2 % ) during the first two months following upon a cerebrovascular insult, but significantly lower basophil levels (25%) were also found on the focal side of those patients whose cerebral damage was of long standing.
A significant negative correlation (p = 0.01) existed between monocyte and In patients with bilateral cerebral lesions, the difference between sides in the proportion of young basophils (band forms and metamyelocytes) was not significant. On the other hand, patients with unilateral brain lesions had fewer young basophils on the focal side than on the opposite side (p < 0.05).
Structural changes in basophils, such as partial degranulation, fusion of granules, and vacuolization of the cytoplasm, were seen in patients with long-standing one-sided or bilateral lesions with the same frequency (of about 6% ) as in the basophils of normal subjects. On the other hand, in patients with unilateral cerebrovascular episodes in whom blood samples were examined during the first few days after the attack, a much higher percentage of basophils (17% on the average) were partially degranulated or showed other structural changes. However, whereas blood samples from the focal side had fewer basophils than the opposite side, the proportion of altered basophils showed no side-related difference.
Effocts of hoporin
Ten patients with one-sided cerebral lesions were challenged with an intravenous injection of 5,000 units of heparin. Each had focal abnormalities in the EEG corresponding to the affected brain area. In five the lesion was of atherosclerotic origin, in three due to trauma, and in two to meningovascular syphilis. Six patients had had convulsive seizures. The condition in all was of several years' standing (table 5) . Immediate effect. Within 24 hours, and as early as 30 minutes after the injection, the bias in monocyte and basophil values between focal and opposite sides disappeared in all patients. Monocyte levels dropped slightly on the focal side and rose significantly on the opposite side (p = 0.02). The average monocyte count from 
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both sides of the head rose by a mean value of 32%. Basophils showed the reverse movement. Their count rose significantly on the focal side and dropped but slightly on the other side. The average-of-sides value of basophils rose by a mean of 25% in all patients (p = 0.02). Late effect. During the following three weeks, the monocyte count showed no side-related preference but rose on both sides to an average of 9.9%. Also the proportion of peroxidasepositive monocytes increased from an average of 50% to 66% (p = 0.01).
During that period basophils showed either no difference between the two sides, or the bias had changed sides so that more basophils were found on the focal side.
Four weeks after challenge with heparin, monocyte values had risen further to a mean of 12.5% without showing any side preference. Basophil counts, on the other hand, had returned in all patients to the preinjection pattern, with lower levels on the focal side. Their average-of-sides value was only slightly above the preinjection count.
Comments
The older hematological literature contains a number of observations on the white cell differential count in the general circulation of patients with cerebral disorders. Schilling 19 has described monocytosis in arteriosclerosis and lymphocytosis, with slight increase in monocytes, in cerebral syphilis. Epilepsy attacks are accompanied by lymphocytosis.
From the results of the present studies it would appear that blood samples taken from the cranial circulation will provide more precise information on regional changes in the composition of the white blood cell picture of patients with organic brain disorders than can be obtained from samples taken from the general circulation. The difference between internal and external jugular veins in basophil levels seems to reflect the different origin of the blood passing through these vessels. About one-fifth of the blood flowing in the external jugular vein comes from the brain, whereas almost all blood in the internal jugular vein is of cerebral origin. 20 The significantly lower levels of basophils recovered in samples from the latter veins suggest that basophils had been retained in the brain, whereas in the external jugular veins basophils were returned from 296 epicranial structures to the general circulation in about the same number. The low level of side-related bias in basophil levels between samples taken from the two external jugular veins would indicate that basophil kinetics in the areas drained by these veins were affected only to a very minor degree.
Ear lobe blood samples held an intermediate position between external and internal jugular vein blood as well in average-of-sides basophil values as in the difference in basophil levels between the two sides. One may conclude that close to half of the venous blood in ear lobes came from intracranial sources.
But the blood collected from the ear lobes was a mixture of arterial and venous blood. Therefore, any bias between sides in the ear lobe samples may have been due in part to blood which was on its way to cranial structures. The lower proportion of young basophils in ear lobe blood on the focal side of one-sided lesions makes such a side-related difference in basophil kinetics likely.
A comparison with the data from the migraine studies 2 ' * may be useful for the interpretation of the results of the present investigation. On the side of the migraine headache were found not only more basophils per mm 3 but also more young and more partially degranulated cells. Since vasoactive substances are held responsible for the vascular changes in migraine, patients were challenged with serotonin, norepinephrine, tyramine, reserpine, heparin, and histamine. All mediators, with the exception of histamine, caused changes in basophil levels which were significantly different from those in a control group of headache-free subjects who were exposed to the same compounds. Pretreatment with heparin neutralized the effects of the mediators. It was concluded that in migraine, basophilic leukocytes through their heparin content exert a protective action by binding excessive amounts of vasoactive substances.
In the present investigation, signs of heightened basophil activity were seen only during the first few days after an acute cerebrovascular episode. Patients with recent one-sided ischemic attacks had three times as many degranulated basophils as patients with similar lesions of long standing. It is, however, noteworthy that the frequency with which these altered cells appeared in the cranial blood did The capacity of a single injection of heparin to abolish within 30 minutes an existing bias between the two cranial sides in basophil levels, and to cause a significant rise in basophil values in cranial blood, would seem to indicate that the disturbance of basophil distribution was correlated with the function of these cells as carriers of heparin. A comparison with the effect of exogenous heparin on basophil economy in normal subjects and migraine patients supports this assumption. In healthy subjects, a single injection of heparin produced a random response in basophil counts, but when the injections were repeated every day a drop in basophil levels was observed from the third day on. 21 In migraine subjects, a significant decrease started as early as 30 minutes after the first heparin injection. 4 This was interpreted by us as part of a homeostatic mechanism. Basophils have a limited capacity for the uptake of heparin. Due to the repeated challenge during migraine attacks, they were already carrying a capacity load of heparin when additional heparin was injected. The increase in heparin blood level by the exogenous heparin served as a negative feedback to the bone marrow. The rise in basophil levels which followed after one heparin injection in patients with cerebrovascular lesions, on the other hand, would indicate a low level of endogenous heparin. Its supplementation by injected heparin would then serve as a stimulus for the release of basophils from their pool in the bone marrow.* The effect of stereotactic brain operations on the white blood cell count has confirmed the existence of a central nervous regulation of leukocyte economy. 22 The center has been placed in the hypothalamus. 28 Impulses leave the brain by way of motor nerve fibers which give off collaterals to autonomic ganglia. From there, vegetative nerve fibers send branches to hematopoietic centers and to liver and spleen.
•Venturini G, Andreani G: Variazioni dei mastociti in seguito a trattamento eparinico nei processi trombotici cerebrali. Progr Medico (Napoli) 10:321-327, 1954. The authors gave to 15 patients with recent thrombotic cerebral lesions several intravenous injections of heparin and found in nine patients in the stained blood smear an increase in the proportion of basophils.
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Neural regulation of hematopoiesis is supplemented and can be partially replaced by hormonal action. 24 In the case of basophil economy, control by endocrine secretion has been verified for several glands. 25 In migraine patients the local increase in basophil activity may be in response to the accumulation of vasoactive substances such as serotonin and norepinephrine at the site of the headache. 4 In organic cerebral disorders, a decrease in basophil levels in the cranial blood might indicate a reduction in the level of these mediators in the affected brain areas. Among other possible causes of altered basophil activity are changes in blood composition such as regional Pco.» increased blood viscosity, and increased platelet adhesiveness which follow upon the retardation of blood flow in diseased brain areas.
2 *- 20 Finally, alterations in enzymatic activity which take place in and near cerebral lesions may affect the economy of monocytes and basophils. 30 Brain macrophages, including the microglia cells, are considered by several investigators to be of monocytic origin. In experimental traumatic brain lesions, the peripheral monocyte has been definitely established as the precursor cell of the cerebral macrophage.
81 - 38 Cell size and configuration, cytoplasmic inclusions, and vacuoles characterized many of the monocytes found in the cranial blood samples as macrophages. The increase in total monocyte numbers in cranial blood on the side of the lesion shortly after an ischemic episode would seem to confirm their role as precursors of cerebral macrophages which are found in increased numbers in the vicinity of the injured brain area.
After the injection of heparin, a further increase in monocyte levels and in the proportion of peroxidase-positive monocytes was seen which lasted even longer than the effect of heparin on basophil levels. That portion of heparin (about 60%) which is not eliminated in the urine during the first hours after intravenous injection is rapidly removed from the plasma and stored, probably in cells of the reticulo-endothelial system, for periods up to two weeks.
84 " 36 The findings submitted here suggest the possibility that the injected heparin retains some of its physiological properties for similar periods. This possibly may have implications for the treatment of certain types of cerebrovascular disease with heparin.
37 -
39
The technique described in this paper suggests itself as a noninvasive method for further studies of hematological and metabolic changes in the cerebral circulation of patients with organic brain disorders.
